Previous studies have shown that certain low molecular weight polar solvents downregulate c-myc gene expression and induce terminal differentiation of human HL-60 myeloid leukemia cells. We have examined the effects of ethanol on gene expression in this cell line. The results show that while ethanol induces a more differentiated phenotype, this agent has little effect on the self-renewal capacity of HL-60 cells. Ethanol treatment was also associated with a concentration-dependent and transient downregulation of c-myc transcripts. Similar effects were ob-OW MOLECULAR weight polar solvents, such as L dimethyl sulfoxide (DMSO), have been shown to induce erythroid differentiation of murine erythroleukemia (MEL) cells.'** These agents also act as inducers of human myeloid leukemic cell differentiation. For example, initial studies showed that treatment of HL-60 cells with DMSO, dimethylformamide, or butyric acid is associated with induction of a granulocytic p h e n~t y p e .~ Subsequent work has shown that a series of polar organic compounds, including ethanol, similarly induce granulocytic differentiation of HL-60 cells4 The finding that a relationship exists between the molecular weight of polar compounds and optimum concentration for inducing differentiation has suggested that a simple physiochemical property of these agents may be responsible for their effects4 DMSO-induced granulocytic differentiation of HL-60 cells is characterized by loss of proliferative ~a p a c i t y .~ This induction along the granulocytic lineage is also associated with a persistent downregulation of c-myc gene e x p r e s~i o n .~~~ We have examined the effects of ethanol on growth and differentiation of HL-60 cells. The results show that this polar solvent has little, if any, effect on clonogenicity of HL-60 cells. Furthermore, ethanol treatment is associated with a transient decline in c-myc and c-myb mRNA levels and induction of tumor necrosis factor (TNF) gene expression. supplemented with 15% heat-inactivated fetal bovine serum (FBS), 1 mmol/L L-glutamine, 0.1 mmol/L non-essential amino acids, 1 mmol/L sodium pyruvate, 100 U/mL penicillin, and 100 pg/mL streptomycin. The cells were treated with varying concentrations of ethanol or 200 mmol/L (1.5%) DMSO (Fisher Chemical Co, Boston, MA). Viable cells were determined by trypan blue exclusion. Cytocentrifuge smears of cultured cells were examined for nitroblue tetrazolium (NBT) reduction.' Clonogenic survival was assessed by growth in soft agar culture. Cells were plated at 8 x 103/mL RPMI 1640 medium containing 0.33% agarose and 15% FBS. The number of colonies (greater than 40 cells) was determined after 7 days.
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RNA isolation and hybridization. Total cellular RNA (20 fig) was purified by the guanidine isothiocyanate-cesium chloride method: analyzed by gel electrophoresis through 1% agarose-formaldehyde gels, and transferred to nitrocellulose filters? Hybridization conditions were as previously described."
Probes were as follows: (1) the 1.6 kb Cla IIEcoRI fragment of the human c-myc 3' exon purified from the pM C41-3 RC plasmid"; (2) the 2.0 kb EcoRI fragment of the human c-myb gene purified from the F8 c-myb plasmidI2; (3) the 1.9 kb BamHI fragment of the human T N F genei3; and (4) the 2.0 kb Psi I fragment of the chicken, j3-actin gene purified from the pAl ~1asmid.l~
RESULTS
Previous studies have shown that induction of HL-60 cell differentiation with polar compounds is associated with loss of proliferative ~a p a c i t y .~ However, exposure of these cells to 86 or 172 mmol/L ethanol for 72 hours was associated with only a partial slowing of growth (Fig 1A) . Moreover, there was little effect of similar ethanol exposures on clonogenicity of the HL-60 cells. In contrast, colony formation was decreased by over 90% after 72 hours of DMSO treatment (Fig 1B) . The effects of ethanol on phenotypic differentiation were also determined by monitoring changes in histochemical staining. Ethanol treatment was associated with a progressive increase in the percentage of cells capable of reducing NBT. While 2.5% of untreated HL-60 cells reduced NBT, 40% of these cells were NBT positive after 72 hours of ethanol exposure ( Table 1) . These results confirmed previous studies4 that found that ethanol induces a more differentiated phenotype in these cells. in Table 1 , these results indicate that a limited exposure to ethanol was not associated with reversal of the effects of this agent on induction of NBT staining.
The induction of HL-60 cell differentiation is associated with downregulation of c-myc expre~sion.'.~ Similar findings were obtained in ethanol-treated HL-60 cells. For example, there was a progressive decline in the level of c -m y transcripts after treatment with increasing concentrations of ethanol for 6 hours (Fig 2A) . Levels of c-myc mRNA were undetectable after exposure to 172 mmol/L ethanol for 6 hours. In contrast, there was no significant effect of this solvent on actin mRNA levels (Fig 2A) . However, this decline in c-myc expression was transient, and levels of these transcripts returned to levels in control cells by 24 hours of ethanol exposure (Fig 2B) . Longer incubations of up to 96 hours demonstrated an absence of subsequent declines in c-myc mRNA levels (data not shown). A transient decline in c-myb expression was also observed after treatment with 172 mmol/L ethanol. Downregulation of c-myb mRNA levels was detected between 3 and 12 hours (Fig 2B) . Furthermore, there were no subsequent declines in c-myb transcripts through 96 hours of ethanol exposure (data not shown). These transient declines in c-myc and c-myb expression were associated with little, if any, effect on actin gene expression (Fig 2B) . We also examined the effects of ethanol on mRNA levels of a variety of other genes, such as TNF," c-fms," and CSF-1 l5 expressed during myeloid differentiation. TNF transcripts were a t low but detectable levels in untreated cells, while treatment with 86 and 172 mmol/L ethanol for 6 hours was associated with an increase in the level of these transcripts (Fig 3A) . However, a more detailed time course showed that TNF transcripts were increased after exposure to 172 mmol/L ethanol for 0.5 hour and that expression was decreased by 3 hours of exposure. Although this effect was transient, TNF mRNA levels were again increased at 6 to 24 hours of ethanol exposure before declining to the levels in control cells by 72 hours (Fig 3B) . In contrast, there was no detectable change in actin mRNA levels (data not shown). Furthermore, there was no detectable effect of ethanol on c-fms or CSF-I gene expression (data not shown). We have previously shown that the TNF gene expression is regulated by transcriptional and posttranscriptional events during myeloid differentiati~n.".'~ Consequently, the appearance of T N F transcripts after ethanol exposure may in part be related to effects on either or both of these mechanisms.
Ethanol activates a phosphoinositide-specific phospholipase C in hepatocytes, and this effect is associated with 28s -18s -28s -18s -mobilization of calcium.*' Furthermore, ethanol induction of phospholipase C in permeabilized platelets was associated with guanine nucleotide binding protein activation." Howactin ever, there is no available evidence to suggest that this agent and other hydrophobic solvents interact with specific receptors to stimulate these intracellular transduction pathways. calcium mobilization, if any, to the regulation Of c-myc. c-myb, and TNF gene expression is unknown. Nonetheless, the present results indicate that ethanol at concentrations as low as 86 mmol/L affects the regulation of specific genes. Therefore, the use of ethanol as a solvent for dissolving other reagents could complicate findings in studies of gene expression. Finally, plasma ethanol concentrations of 22 to 88 mmol/L can be achieved as a result of ingestion by humans. Consequently, certain toxic effects of ethanol may be related to altered patterns of gene expression in hematopoietic or other cells.
